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Abstract 
In the present study we examined morphometrically and mechanically, muscle of rats subjected to hormone use. We used two 
groups of wistar rats n = 8. One of them received ethinylestradiol and levonorgestrel every day and other, was a control group 
and received placebo. The experiment lasted for 60 days to simulate one year of contraceptive use in women. After the 
experimental period, the animals were euthanized with overdose of anesthetic and the gastrocnemius muscles were dissected to 
perform the analyzes. Morphometrically, were examined muscle length, and the perimeter of the muscle belly. Were examined 
mechanically the maximum strength and stiffness of muscles. The results of this study show that, although animals undergoing 
hormone use have been growing larger longitudinal than in the control group, the mechanical properties of the muscles 
remained unchanged. It proposes that the number of ligament injuries in women is not due to a decrease in muscle stiffness 
stabilizer, but by unique mechanical properties of ligaments. 
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1. Introduction 
The knee joint is one of the largest synovial joints of the body. The stability of this articulation is guaranteed by 
ligaments, bone adjustments, menisci and muscles. Muscle weakness is one of the extrinsic factors that contribute 
to ligament injuries, especially anterior cruciate ligament (ACL) [1]. 
For Hansen and your colleagues [2], women are apparently more likely to acquire a disease in collagen-rich 
tissues, such as bones, ligaments, muscles and tendons. Some studies show that hormonal changes in women can 
influence the biomechanics of soft tissues [3-5]. Some hormonal phases cause the pumps hormones modify the 
composition and structure of these fabrics, modifying collagen synthesis [3]. This fact makes this population is 
more susceptible to injury. Results of epidemiological studies show a high rate of knee injuries in female athletes, 
sobreturo periods of the menstrual cycle. Women can be up to eight times more prone to ACL injuries, compared 
to men [2, 5-6]. 
Although there is evidence that the anterior cruciate ligament suffers more injury in women, this statement is 
not clear. [3, 7]. And more, it is unclear whether this lesion can be from a deficit in muscle groups stabilizers. 
It is known that women have less muscle mass when compared to men. This fact can be explained by 
differences hormone, since testosterone is capable of stimulating the skeletal muscle protein synthesis. [8] It is 
believed that when the muscles estabilazadores are changed, the chance to experience a ligament rupture increases. 
Believing on the assumption that the properties of muscles change with the administration of oral 
contraceptives, the aim of this study was to evaluate morphometrically mechanically and muscle of rats subjected 
to hormone use through macroscopic measures and mechanical tests. 
2. Methods 
The study was approved by the Ethics Committee in Research of the Universidade do Vale do Sapucaí (Brail) 
under the protocol n ° 122/10 and followed the guidelines of the Brazilian College of Animal Experimentation and 
the International Guiding Principles for Biomedical Research Involving Animals. 
We used 16 Wistar rats, females, and they were divided equally (n = 8) into two groups, one experimental group 
(GExp) and a control group (GCont) as is shown in Figure 1. They were housed in collective cages and were fed 
the same diet for rats and water ad libitum. During 60 days the GExp received doses of the hormones 
ethinylestradiol (1.27 ng) and levonorgestrel (4.5 ng) dissolved in propilenoglicol and the GCont received placebo. 
 
 
Fig. 1. Division of the groups. 
The method of administration was by oral method (Figure 2). 
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Fig. 2. Oral administration. 
After this period, the animals were euthanized with overdose of anesthetic and the gastrocnemius muscles were 
dissected to perform the analyzes. Morphometrically, were evaluated muscle length, and the perimeter of the 




Fig. 3. Mechanical test (A) Gastrocnêmius muslce; (B) apparatuses of universal machine  
 Numerical data were evaluated in a statistical way. We used the Shapiro-Wilk test for normality values. 
After that, we tested the statistical T-test. We used a significance level of 5%. 
3. Results and Discussion 
Table 1 shows all the results in this study. 
For increased reliability of the study, animals were weighed to ensure that the average body weight were not 
different between groups. This was guaranteed because the average initial weight of the animals ExpG was 200.00 
± 12.35 and GCont was 203.87 ± 8.79, with no difference between them (p = 0.24). 
At the end of the experiment, it was expected that due to the action of the drug, the animals had different weight 
average, which was not observed. The average final weight was 254.38 ExpG ± 22.59 g and the GCont of 257.50 ± 
7.56 g, with no difference between them (p = 0.36). 
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The security of initial body weight is important because it is believed that sarcopenia (decreased muscle mass) 
is a determining factor for the decrease of the mechanical properties of muscle. The secondary inactivity 
sarcopenia, for example, is able to significantly decrease the quality of the mechanical properties [9]. 
The perimetry was performed on the muscle belly, and was considered a central measure. There were no 
differences between the groups stats (GExp: 25.33 ± 3.58 mm and GCont: 23.13 ± 3.03 mm, p = 0.09). This fact is 
in agreement with the weights of the animals, since the final average weight of the animals were statistically 
identical. 
The gastrocnemius of GExp had longer lengths (46.00 ± 0.96 mm) compared to GCont (44.63 ± 1.22 mm) with 
p = 0.01. There is no clear justification in this study for this event. It was also not found in the literature any reason 
to modify the muscle length of the animals, since its weight and age were equal. 
Table 1: Mean±D.P – all of results 
 GExp GCont Statistical 
results 
Initial weight (g) 200.00±12.35 203.87±8.79 p=0.24 
Final weight (g) 254.38±22.59 257.50±7.56 p=0.36 
Muscle perimeter (mm) 25.33±3.58 23.13±3.03 p=0.09 
Longer length (mm) 46.00±0.96 44.63±1.22 *p=0.01 
Maximun Force (N) 31.11±4.32 31.36±7.51 p=0.47 
Stiffness (N/mm) 2.87±0.59 3.26±0.57 p=0.11 
 
The mechanical analysis of muscle tissue showed no difference in maximum strength supported by the muscle 
(GExp: N 31.11 ± 4.32 and 31.36 ± 7.51 N GCont with p = 0.47) and also in muscle stiffness (GExp: 2.87 ± 0.59 
N / mm and GCont 3.26 ± 0.57 N / mm, p = 0.11). The graphs 1 and 2 shows these results. 
 
 
Graph 1. Maximum Strength 
 These results demonstrate no difference in the mechanical properties of the muscle. This finding 
corroborates those already seen in our study, since the weight and muscle circumference were not altered. There 
were no similar studies, complicating the discussion of the data. 
 
76   Yanagihara et al. /  Procedia Engineering  59 ( 2013 )  72 – 77 
 
Graph 2. Stiffness 
Some limitations to this study need to be mentioned. The prescribed dose for oral contraceptive was based on 
the methodology of experimental Woodhouse et al. (2007). Although the authors had not made vaginal swab, they 
found significant differences in the mechanical properties of the ACL. 
In our study, we showed that simple vaginal swab did not change the regularity of the estrous cycle of the 
animals, which would be expected. However, the action of the drug on the soft tissues was observed in the study 
Woodhouse and therefore we chose to use the same dosage, instead of proposing a new dose-response study. 
Several animals have been used in experimental studies. In this study, we chose the rats because, according to 
some authors he has skeletal muscle structure similar to the human [9-10]. Furthermore, to obtain an experimental 
model that simulates the hormonal cycle in humans, rats are the most suitable. This is due to the fact that her 
estrous cycle is short and has a profile similar to the reproductive cycle in women. The characteristic profile is 
increased estrogen at mid-cycle and a subsequent increase in progesterone. There is evidence that rats treated with 
oral contraceptive has a response similar to that observed in humans. 
The results of this study show that although the animals subjected to hormone use have been growing larger 
longitudinal than in the control group, the mechanical properties of the muscles remained unchanged. It proposes 
that the number of ligament injuries in women is not due to a decrease in muscle stiffness stabilizer, but by unique 
mechanical properties of ligaments. However, the results obtained in these studies can not be fully extrapolated to 
humans; should, yes, new research guide for future practical application. 
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